Introduction
============

The World Health Organization (WHO) defines diarrhea as the passage of three or more loose or watery stools within a day or unusual frequency of diarrhea episodes.[@b1-phmt-9-109]--[@b3-phmt-9-109] Globally, about 1.7 billion cases of diarrheal disease occur annually. It is the second leading cause of death in children under five years old worldwide, mainly in developing countries. Eighteen percent of all the deaths of children under five years old is a result of diarrheal diseases. Of all the child deaths from diarrhea, 78% occur in the African and Southeast Asian regions. In Africa, diarrhea accounts for about four billion cases annually due to poor sanitation.[@b4-phmt-9-109]--[@b7-phmt-9-109]

Poor sanitation and unsafe drinking water have a grim impact on child mortality in particular and public health in general, which is associated with adverse nutritional out-comes, diarrhea, and tropical enteropathy.[@b8-phmt-9-109],[@b9-phmt-9-109]

Inadequate and unsafe water, lack of sanitation, and poor hygiene practices is a complex issue for different diseases and accountable for the occurrence of 90% of diarrheal diseases. Approximately 1.5 to 2.2 million people die each year from diarrhea and related diseases due to poor sanitation. Open defecation (OD), lack of access to safe disposal of human excreta, lack of awareness of hygienic practices, and using contaminated water were strongly linked with these deaths.[@b6-phmt-9-109],[@b7-phmt-9-109],[@b10-phmt-9-109]--[@b12-phmt-9-109]

Since adoption of the Millennium Development Goals, access to improved sanitation has increased around the globe. Despite significant investments made during recent decades by governments, nongovernment organizations, bilateral and multilateral agencies to reduce diarrhea and sanitation problems, diarrhea remains a problem. Approximately 37% of the world's population lacks approved sanitation. Eleven percent of the global population is not drinking safe water and 319 million of these people live in sub-Saharan Africa.[@b6-phmt-9-109],[@b13-phmt-9-109]--[@b15-phmt-9-109]

Diarrhea is a preventable and treatable feco-oral disease and one of the prevention strategies is community-led total sanitation and hygiene (CLTSH). CLTSH is an important innovative approach to change collective behavior of the community. It is used to change the communities' collective behavior to utilize emotions, participatory approaches, and visual tools based on the principle of triggering to enable communities to analyze their sanitation situations. In the year 2000, CLTSH was initiated in Bangladesh, and has since been implemented in 50 countries with at least 15 integrating the CLTSH into their national policy, including Ethiopia.[@b3-phmt-9-109],[@b10-phmt-9-109],[@b13-phmt-9-109],[@b16-phmt-9-109]--[@b18-phmt-9-109]

In African countries, including Ethiopia, each child on average suffers from five episodes of diarrhea per year. The ranges of two weeks diarrhea prevalence from 10% to 40% in different parts of Ethiopia are the result of poor water, sanitation, and hygiene.[@b12-phmt-9-109],[@b20-phmt-9-109]--[@b22-phmt-9-109]

The Ethiopian Ministry of Health has been struggling to control the morbidity and mortality of children due to poor sanitation, inadequate safe water, and poor hygiene practices by formulating and implementing different policies and strategies. In 2002/03, health service extension package strategies and, in 2006, CLTSH approach was adopted and linked to the national policy. Despite these continuous efforts, 50,000 to 112,000 children under five years of age perish annually due to diarrheal diseases related to poor environmental sanitation and hygiene practices.[@b13-phmt-9-109],[@b23-phmt-9-109],[@b24-phmt-9-109]

In study area, despite 50% of total kebeles implementing CLTSH and 90% rotavirus and measles vaccination achieved, diarrheal disease is the second among the top five causes of morbidity with 36.7% incidence (eHMIS annual report of Yaya Gulele district; unpublished data; 2016). Therefore, this study aimed to assess diarrheal status and associated factors among children under five years old in implemented and unimplemented CLTSH in Yaya Gulele district.

Methods
=======

The study was conducted in Yaya Gulele "District" (district or the third-level administrative divisions of Ethiopia) which is purposely selected. Yaya Gulele is 114 kilometers away from Addis Ababa (capital city of the country) to the North direction. The district is found at geographical coordinates of 9°30′N latitude and 38°40′E longitude. This district has 16 rural and one urban kebeles (the smallest administration in Ethiopia) with four health centers and 16 health posts.[@b25-phmt-9-109]

The total estimated population of the district is 71,682 of whom 36,703 (51.2%) are males, based on 2014--2017 population projection of Ethiopia.[@b26-phmt-9-109] Among the total population, 2,308 (3.22%) and 11,777 (16.43%) were under one and under five years old, respectively. The community has homogenous culture. The Yaya Gulele Woreda Report indicated that, latrine coverage was 89%, latrine utilization was 82%, and safe water coverage was 72% (eHMIS annual report of Yaya Gulele district; unpublished data; 2016).

Study design and period
-----------------------

Community-based comparative cross-sectional study design was triangulated with qualitative method of focus group discussions (FGD). The study was conducted from December 1 to June 30, 2017.

Study population
----------------

All households of Yaya Gulele district that had at least one child under five years old child who has resided there for more than 6 months composed the study population. The mothers/caregivers of the under-five years old child were the respondents in the households. However, mothers or caregivers who are mentally ill, seriously ill, had hearing and speaking problem were excluded from the study.

Sample size determination
-------------------------

The sample size was determined by using two-population proportion formula based on the assumptions: Significance level of 95% (α = 0.05), 11.1% and 21.6% the proportion of diarrhea in implemented and unimplemented CLTSH, respectively.[@b27-phmt-9-109] Power of the study was 80% (β = 0. 2), 1:1 ratio and two-design effect and 10% of none response rate was considered. The computation resulted in 380 households recruited from each implemented and unimplemented CLTSH in this study.

Sampling techniques
-------------------

Multistage sampling method was used to select study participants. The district was divided into implemented and unimplemented CLTSH kebeles. Four kebeles were selected from the total kebeles of implemented CLTSH and unimplemented CLTSH by a simple random sampling technique using lottery method as a primary sampling unit. Afterwards, sampling frame of the households who have at least one child under five years old was obtained from the monthly updated family folders in the health posts of respective kebeles. Finally, a total of 760 samples (380 households from implemented CLTSH and 380 households from unimplemented CLTSH) were allocated to all randomly selected kebeles proportionally based on population size (number of households who have at least one child under five years old) in the kebeles. Systematic sampling method was used to select study participants from each selected kebele as a secondary sampling unit. The total number of households (households with at least one child under five years old) in each kebele was divided by the allocated sample size to get sampling interval. The first participant picked by lottery method and the next was drawn (with the fifth interval in implemented CLTSH and eighth interval in unimplemented CLTSH) walking in the direction of the spinned sharp pen. One-time additional attempt was made to interview the participants who were not present during data collection. Schematic presentation of multistage sampling frame.

Data collection tools and techniques
------------------------------------

Data were collected through face-to-face interview with the use of pretested interviewer-administered structured questionnaire and observational checklist. Variables included socio-demographic, environmental, behavioral factors, knowledge of mothers/caregivers toward diarrhea, and attitude of mothers/caregivers toward diarrhea and childhood diarrhea were incorporated into the questionnaires. Observational checklist was used to observe water container storage, availability and utilization of the latrine, sanitation of the compound, and absence or presence of hand washing facility. The questionnaire was adopted from WHO core questions for water and sanitation and by reviewing other materials related to the topic.[@b7-phmt-9-109],[@b16-phmt-9-109],[@b28-phmt-9-109]

Furthermore, four sessions of FGD (two from each implemented and unimplemented CLTSH area) were carried out to supplement the quantitative findings. There were eight participants involved in each FGD. Mothers/caregivers who had children under five years old and who did not take part in the questionnaire survey were the participants in this FGD. Purposive sampling technique was used to select the participants by considering age and residence (implemented CLTSH and unimplemented CLTSH) of the participants. The mothers/caregivers of the age group 25--35 years were selected, because they are considered to have some prior experiences of taking care of their children and could actively participate in the discussions to reveal additional interactions and insights. A semi-structured topic guide to understand the phenomena of mothers' knowledge on the causes andprevention of diarrhea, the importance of having hand washing facility, and perception of hand washing to prevent diarrhea was used. These FGD were carried out by experts of the health office. Audio records via mobile and note taking were done throughout the process. Expert of maternal and child health department acted as moderator. The sessions were arranged based on the participants' convenient time and place. Ten trained diploma nurses and two BSc Environmental Health professionals were employed for data collection and supervision, respectively.

Childhood diarrhea prevalence was measured using the WHO-recommended definition, namely if a child had three or more loose stools or watery diarrhea in 24 hours during the two weeks preceding the survey as reported by mothers/caregivers.[@b29-phmt-9-109]

Knowledge of the respondents toward diarrhea was measured via computed mean score. Each correct response scored as one whereas other responses such as "incorrect" or "don't know" scored as zero.[@b30-phmt-9-109] There were 22 variables in the knowledge section of the questionnaire. Using the mean score,[@b7-phmt-9-109] respondents who scored below the mean were said to have poor knowledge and respondents who scored above the mean were considered as having good knowledge. Importance of hand washing has seven items. It was dichotomized into "know" was assigned if the respondents scored above the mean and not know when the respondents scored below the mean.[@b7-phmt-9-109],[@b31-phmt-9-109] Attitude of the mothers/caregivers toward diarrhea was measured by 10 questions. The questions were dichotomized to positive (strongly agree and agree) and negative (strongly disagree and disagree). Accordingly, respondents who scored above the mean were considered as positive and respondents who scored below the mean were considered to have a negative attitude toward diarrhea.[@b32-phmt-9-109]

Data quality assurance
----------------------

Two days training was given to data collectors and supervisors on how to collect data from study participants and other technical procedures. To check the reliability of the tool, estimate time for this interview, and ensure understandability, the question was pretested on 5% (40) of the population who were not included in the study. Based on the findings of pretest, the necessary correction was made on the clarity of language, sequence of words and questions. The collected data were checked for completeness and consistency daily by supervisors and principal investigator before transferring into computer software. The questionnaire was originally written in English and then translated to "Afan Oromo" and back to English for consistency. Incomplete questionnaires were referred back for completion.

Data management and analysis
----------------------------

Data collected, were entered and cleaned using Epi Info version 3.5.4 and exported to Statistical Package for Social Sciences (SPSS) version 20 for data analysis. Continuous variables were coded, and some coded variables were recoded. Frequencies for all variables were counted and cross-tabulated using percentages. Bivariate logistic regression analyses were done for the explanatory variables with the dependent variable to select contender variables for multiple logistic regression models. Primarily variables that have *p*-value \<0.2 in bivariate analysis were used to build the logistic model in order to identify predisposing factors that were linked with diarrhea. Multivariable analysis was done to find out whether the significant factors identified in bivariate analysis remain independently associated with the outcome variable.

Model fitness was checked via Hosmer-Lemeshow goodness of fit test when the *p*-value \> 0.05 model is fit. Multicollinearity between independent variables was checked via calculation of variance inflation factor. The results were presented in the form of tables, figures, and summary statistics. Adjusted odds ratio (AOR) with its 95% confidence interval (CI) was used to report statistical significance at *p*-value \< 0.05. Collected qualitative data were transcribed, coded, recoded, themes developed, and analyzed manually to augment quantitative findings.

Ethical consideration
---------------------

Ethical approval was obtained from the ethical review board of Mekelle University College of Health Sciences. Official permission letters were obtained from the Oromia Regional Health Bureau before commencement of the study. The participants were informed of the purpose of the study and privacy during the interview. Informed verbal consent was obtained from each study participant prior to interviewing. The participants' verbal informed consent process was approved by the Mekelle University College of Health Sciences ethical review board. Participants were made aware they had full right to participate or not in the study as well as to withdraw anytime during the interview. Confidentiality was also maintained through anonymity. In addition, they were also advised to take the child to the nearest health facility to get professional support.

Results
=======

Socio demographic characteristics
---------------------------------

Seven hundred sixty (760) mothers/caregivers who have children under five years old were involved in this study with a 100% response rate. Among the study participants,380 (50%) were from implemented CLTSH and the rest were from unimplemented CLTSH kebeles. The mean ages of the participants were 30.07 ± 6.4 (standard deviation \[SD\]) years old in implemented CLTSH and 31.6 ± 7.1 (SD) years old in unimplemented CLTSH kebeles. Orthodox Christianity was the predominant religion in both implemented (374 \[98%\]) and 370 (97%) in unimplemented CLTSH area ([Table 1](#t1-phmt-9-109){ref-type="table"}).

Childhood diarrhea prevalence
-----------------------------

Two weeks period childhood diarrhea prevalence was 13.4% (95% CI: 10.2--17.3%) in implemented and 36.3% (95% CI: 31.7--41.6%) in unimplemented CLTSH area. The mean ages of the children with diarrhea were 29.9 ± 17.7 (SD) months in implemented and 28.8 ± 16.7 (SD) months in unimplemented CLTSH kebeles. The overall mean age of children was 29.01 ± 17.03 (SD) months ([Table 2](#t2-phmt-9-109){ref-type="table"}).

Environmental characteristics related to diarrhea
-------------------------------------------------

More than two-third of the participants, 333 (88%) in implemented and 280 (74%) unimplemented CLTSH area used protected water source. Two hundred eighty-nine (76%) in implemented and 247 (66%) unimplemented CLTSH kebeles got water supply by less than 30-minute walk from their home. Of the participants, 303 (91%) in implemented and 107 (43%) unimplemented CLTSH kebeles had improved pit latrine. More than half of the participants, 179 (54%) in implemented and 159 (63%) in unimplemented CLTSH kebeles had no hand-washing facility in or close to the latrine ([Table 3](#t3-phmt-9-109){ref-type="table"}).

More than two-thirds of participants in implemented CLTSH mentioned latrine discomfort as the main reason for not having the latrine as compared to unimplemented CLTSH area, 3.1% ([Figure 1](#f1-phmt-9-109){ref-type="fig"}). Of 760 participants, more than two-thirds of implemented CLTSH and 72% of unimplemented CLTSH described that they dispose wastes in an open pit in the compound, whereas 13.7% of implemented CLTSH and 15.3% of unimplemented CLTSH kebeles dump wastes in open field ([Figure 2](#f2-phmt-9-109){ref-type="fig"}).

Behavioral characteristics related to diarrhea
----------------------------------------------

Of the participants, 331 (87%) in implemented and 240 (63%) in unimplemented CLTSH kebeles treated their drinking water sources. Majority of participants, 377 (99%) in implemented and 320 (84%) in unimplemented CLTSH kebeles, stored their water in jerry can and practiced pouring method to draw water from the container. More than two-thirds of the participants, 283 (75%) in implemented and 282 (74%) in unimplemented CLTSH kebeles practiced incomplete hand washing at critical times. Nearly two-fifths of the participants, 146 (38%) in implemented and 161 (42%) in unimplemented CLTSH area, had poor knowledge toward diarrhea ([Table 4](#t4-phmt-9-109){ref-type="table"}).

Attitude of participants toward diarrhea
----------------------------------------

More than half of the participants, 205 (54%) in implemented and 291 (77%) in unimplemented CLTSH kebeles strongly agree that diarrhea is a harmful disease in the community. More than half of the participants, 201 (53%) in implemented and248 (65%) in unimplemented CLTSH kebeles strongly agree that hand washing at the critical time can prevent diarrheal disease ([Table 5](#t5-phmt-9-109){ref-type="table"}). Overall, positive attitude of the respondents toward to diarrhea among implemented and unimplemented CLTSH was 48% and 22%, respectively ([Table 6](#t6-phmt-9-109){ref-type="table"}).

Factors associated with diarrhea among childrens under five years old
---------------------------------------------------------------------

Variables in the bivariate analysis of socioeconomic status, environmental and behavioral characteristics, composition of knowledge toward diarrhea, attitude of mothers/caregivers toward diarrhea, and the importance of hand washing items that had a *p*-value ≤ 0.2 was further considered in the final multivariable logistic regression analysis via backward elimination methods. Variables such as having two or more children under five years old, not clean water container, and negative attitude of mothers/caregivers toward diarrhea in CLTSH as well as the presence of feces in the compound and not having hand washing facility in or adjacent to the latrine in unimplemented CLTSH were independently statistically significant in multivariable analysis.

The odds of developing diarrhea was two times higher among children whose parents had two or more children under five years old compared to the children whose parents had only one child in implemented CLTSH area (AOR = 2.33; 95% CI: 1.09--4.96). The children whose parents had no clean water storage were 2.36 times more likely to have diarrhea than those whose parents had clean water storage (AOR = 2.36; 95% CI: 1.16--4.80). The odds of children having diarrhea were two times higher among children whose mothers/caregivers had negative attitude toward diarrhea compared to children whose mothers/caregivers had positive attitude toward diarrhea in unimplemented CLTSH area (AOR = 2.07; 95% CI: 1.06--4.04).The children who lived in the compound where the feces were seen was 1.88times more likely to have diarrhea than the children who lived where the feces was not seen in the compound (AOR = 1.88; 95% CI: 1.10--3.22). The odds of children developing diarrhea was 2.64 times higher among children whose parents didn't have hand washing facility adjacent to the latrine as compared to those children whose parents had hand washing facility adjacent to the latrine (AOR = 2.64; 95% CI: 1.47--4.47). Overall, the likelihood of diarrhea among children under five years old was 68% less in implemented CLTSH than unimplemented CLTSH area (AOR = 0.32; 95% CI: 0.20--0.52) ([Table 7](#t7-phmt-9-109){ref-type="table"}).

Caregivers' knowledge toward hand washing facility and latrine utilization
--------------------------------------------------------------------------

### Challenges to prevent diarrhea disease

In the FGD some participants in both implemented and unimplemented CLTSH said that they faced challenges to prevent diarrheal disease. Thirty (30) years old mother who cannot read and write of FGD participant in not CLTSH implemented kebele said, "Most of the households who owned latrine have no hand washing facility adjacent to the latrine which raised raw material and water scarcity as the challenge. Households also use open field due to odor and discomfort of the latrine. The presence of bush and institutional latrine around their house is the great challenge which impairs the construction of their own latrine. Only adults go to the bush and institutional latrine to defecate, but the females and the children defecate in the garden and in the compound mostly at night time". Also, the literate FGDparticipants of 28 years in implemented CLTSH support the idea that "soil condition is also one challenge to construct latrine and lead the people to defecate in the open which is the primary cause of diarrhea".

This FGD indicates that presence of institutional latrine and bush/shrub around the house, scarcity of water for hand washing at hand washing facility, and soil condition which was a challenge to construct the latrine and led to defecating in the open field were the challenges to prevent diarrheal disease.

Knowledge and attitude of the mothers/caregivers toward diarrhea
----------------------------------------------------------------

Thirty-five (35) years old mother who cannot read and write, FGD participant in unimplemented CLTSH kebele, said, "... the health extension workers are now teaching us about the importance of hand washing facility. However, most of the households are inconvenient on the importance of hand washing facility next to the latrine and properly utilize it. Mostly they assume that if the children use the latrine they exposed to adult feces and may fall in the latrine via the hole of latrine". Majority of FGD from implemented and unimplemented area raised the idea that "... Some households' children defecate in open field adjacent to the house and the mothers perceive the infants and the child's feces less dirty than adults because of less size and odorless". Another participant of FGD in unimplemented CLTSH area also strengthens this one "... I do not blame and influence my family to use the latrine, because of its odor and discomfort. My child developed diarrhea last week and I took to health facilities and paid forty-five birrs for this discomfort. There is a bush surrounding us. My family used that bush for defecation. Therefore, installing hand washing facility is not important because we do not use the latrine". The result of this FGD indicates that the mothers/caregivers have a negative attitude toward the presence of a child feces in the compound no matter whether it is present or not related to diarrhea.

However, some FGD participants in both CLTSH and not CLTSH implemented kebeles explained that, ".... As we learnt from health extension workers, we are washing our hands and our children's hand before feeding and after visit to the toilet. Since we apply education obtained from health extension workers about the importance of hand washing, our children are not suffering from diarrhea. Hence, having hand washing facility is one mechanism of diarrhea prevention". This FGD reflects that the mothers have positive attitude toward hand washing and having hand washing facility to prevent diarrhea

An FGD participant of 30 years who cannot read and write in implemented CLTSH explained that "... When the children exposed to hot weather they may get diarrhea. For instance, since I am a farmer, I do the household responsibilities, including baking injera (local bread) in the kitchen, carrying my child on my back. Diarrhea not caused by germs. Therefore, if the child is exposed to hot weather he/she gets diarrhea". Another 30 year old unable to read and write FGD participant in unimplemented CLTSH said "... diarrhea is caused when evil people's eyes watch the child. When those people watch the child, they become sad and weak. Sometimes he/she suffers from headache, cries all the time, and cannot sleep. The stools are green, soft, and accompanied by vomiting. Thus, evil eyes cause under five years old childhood diarrhea".

Discussion
==========

Diarrheal diseases remain a major cause of morbidity and mortality in low-income countries such as Ethiopia.[@b20-phmt-9-109] This study revealed that implementing CLTSH reduces childhood diarrheal illness. Two or more children under five years old in the family, no cleaned water container, negative attitude toward diarrhea in CLTSH, and presence of feces in the compound and lack of hand washing facility adjacent to the latrine in unimplemented CLTSH were associated factors for occurrence of diarrheal disease among children under five years old.

Results in previous literature on CLTSH in Ethiopia revealed that a substantial reduction in diarrheal incidences and nearly no acute watery diarrhea (AWD) incidences were present in the area where CLTSH was implemented.[@b12-phmt-9-109] In this study, last two weeks period diarrhea prevalence during the study period was 13.4% (10.2--17.3%) in implemented CLTSH and 36.3% (31.7--41.6%) in unimplemented CLTSH area which reveals diarrhea prevalence in implemented was lower as compared to diarrhea prevalence in unimplemented CLTSH. This disparity might be due to increased latrine coverage and utilization with improved types of latrine and behavior change toward OD.

According to this study, two weeks period diarrhea prevalence in CLTSH was lower as compared to 19% in implemented CLTSH and 22.4% in unimplemented CLTSH in Jimma zone,[@b20-phmt-9-109] 32.6% in Burundi,[@b33-phmt-9-109] 22.5% in Eastern Ethiopia,[@b34-phmt-9-109] and 27.3% in Somali Region, Jigjig district.[@b35-phmt-9-109] This disparity might be due to study sample size, study period, coverage of latrine and utilization, access of safe water for drinking. However, the result of this study is consistent with study in implemented CLTSH in Kenya[@b3-phmt-9-109], 12% in 2016 Ethiopian Demographic Health Survey (EDHS)[@b22-phmt-9-109] and 15% in implemented CLTSH in Eastern Ethiopia.[@b12-phmt-9-109] This consistence may be due to intervention of CLTSH and study period.

This study revealed that 12% in implemented CLTSH practiced OD as compared to 34% in unimplemented CLTSH area. This variation may be due to CLTSH influence to the community to analyse their local sanitation situation and its impact on their health. The results of this study revealed that 12% of households practice OD in implemented areas and 34% in unimplemented areas. However, the results are lower than those in an EDHS study done in 2016[@b22-phmt-9-109],[@b36-phmt-9-109], which showed 37% and 38.1% were open defecate, respectively. This disparity may be due to sample size, sensitization of the community via CLTSH.

The children whose parents lived in implemented CLTSH were 68% less likely to develop diarrhea as compared to the children whose parents lived in unimplemented CLTSH area. This finding is consistent with study in Kenya.[@b37-phmt-9-109] It is the reason why diarrhea is less likely developed in implemented CLTSH hygiene promotion and behavioral changes toward sanitation that prevent and reduce diarrhea via reduced environmental feco-oral contamination.

In this study, two or more children under five years old was statistically significant for the occurrence of diarrheal disease in implemented CLTSH and not significant in unimplemented area. As the number of children increased, the frequency of diarrhea increased significantly. This finding is supported by the studies done in Eastern, North-West, and Southern Ethiopia.[@b23-phmt-9-109],[@b34-phmt-9-109],[@b38-phmt-9-109] When the number of children in the households increases, it is expected that children could be more vulnerable to contamination because the quality of care and attention from parents decreases. Furthermore, children who get diarrheal disease may easily transmit the disease to others who live in the same area. This might be due to crowding which worsens the hygiene condition and increases the chance of contact with pathogens and mothers/caregivers being incapable to care for a large number of children.

In this study, the children whose family had no clean water supply were more likely to develop diarrhea than children whose families had clean water storage in implemented CLTSH and not significant in unimplemented CLTSH area. This study is supported by a study in India[@b19-phmt-9-109] and study in Nigeria[@b39-phmt-9-109] which showed that transmission of diarrhea occurs easily when in-house water-storage facilities are contaminated. Despite the use of water from protected sources and water treatment practice, many people do not wash their hands before getting water from storage containers. This occurrence of diarrhea may be due to the drips of water from unwashed hand when getting water from the sources and dipping unwashed cup. During transportation water may also be contaminated in water container, which causes diarrheal disease.

Attitude of the mothers/caregivers toward diarrhea is statistically significant for developing diarrhea. Children whose mothers/caregivers had negative attitude toward diarrhea were more likely to have diarrhea than children whose mothers/caregivers' attitude was positive. The result of FGD supports this finding. This result is consistent with a study done in Shebedino district, southern Ethiopia[@b40-phmt-9-109] which reported that children whose mothers have misconception about diarrhea and sanitation are more affected by diarrhea. This may be due to misconception of mothers/caregivers toward diarrhea and educational background of the mothers/caregivers which causes the inability to identify factors which induce diarrhea and reduce exposure of contaminated environment.

Unavailability of hand washing facility adjacent to the latrine was positively associated with childhood diarrheal disease. In this study, children under five years old from households that had no hand-washing facilities were more likely to have diarrhea than the children from households that have hand-washing facilities adjacent to the latrine. The result of FGD support this finding, children under five years old affected by diarrhea because of water shortage and raw materials, lack of hand-washing facility adjacent to the latrine. This study is consistent with study in Jimma, Kersa district and Eastern Ethiopia,[@b20-phmt-9-109],[@b34-phmt-9-109] where the hand-washing facilities were not available, the person lacks the initiative to wash hands after toilet use and feeds the child with hands exposed to fecal matters which causes diarrhea. This may be due to educational background of the mothers/caregivers who have not learned the importance of hand washing after toilet use.

Presence of feces in the compound is an associated factor for diarrhea. This study showed that children who lived in the households where feces is present in the compound were more likely to have diarrhea as compared to those children who lived in households where feces was not present in the compound. The result was supported by FGD. The more the feces is in the compound, the more children suffered from diarrhea. This result is consistent with a study in Indonesia and Bangladesh,[@b41-phmt-9-109],[@b42-phmt-9-109] which reported that the child feces disposal events in open space adjacent to the households compound and in location designated for households waste fail the children on the risk of diarrhea which support the hypothesis that unsanitary environment leads to gastroenteritis. It seems universally true that mothers perceive that the feces of infants or children are less dirty than those of adults. It seems because of its less smell, its smaller size, and because of less likely to have food residuals[@b43-phmt-9-109] though may possibly have a higher loading of pathogens. Unsanitary environmental conditions put children at increased risk of diarrhea including environmental enteropathy.[@b42-phmt-9-109] Those children develop diarrhea where feces seen in open field may be due to the children either crawling or walking and putting in the mouth dirt or other contaminated objects while playing or eating.

The participants in this FGD indicated that diarrhea occurred due to exposure to weather condition and evil eyes, as well as germs not causing the diarrhea. This is supported by qualitative study in Benishangul Gumuz[@b32-phmt-9-109] and North West Ethiopia.[@b44-phmt-9-109] This may be due to misconception and negative attitude of the mothers/caregivers toward causes of diarrhea.

Recommendation
==============

-   Health workers and local authorities should inspire the community to change their behavior toward the construction of latrine with the full package (including hand-washing facility, soap/ash for hand-washing, functional superstructure and other components), give health education to the mothers/caregivers on the causes and prevention of diarrhea and importance of hand washing facility with cleansing agents.

-   Further study with a robust research design such as cohort and randomized controlled trial, which would provide evidence of cause and effect, required to identify factors accounted for diarrhea occurrence should be conducted.

Conclusion
==========

Generally, the overall two-week diarrhea prevalence was lower in implemented CLTSH compared to unimplemented CLTSH approach. Moreover, this study shows that having two or more children under five years old, not washing drinking water storage, negative attitude of mothers/caregivers toward diarrhea, presence of feces in the compound and lack of hand-washing facility adjacent to the latrine were the important associated factors for diarrhea occurrence. This finding indicates that despite the CLTSH approach implemented in several kebeles, the implemented kebeles did not practice OD. Thus, this result suggests that CLTSH implementation is an applicable approach on access to sanitation and to reduce diarrhea prevalence among children under five years old.
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Distribution of study participants by socio-demographic characteristics, Yaya Gulele district, June 2017 (N = 760)

  Variables                                          Community-led total sanitation and hygiene                    
  -------------------------------------------------- -------------------------------------------- ---------------- ------------
  Status of respondents                              Biological mother                            372 (98)         339 (89)
  Caregiver                                          8 (2)                                        41 (11)          
  Age of respondents                                 20--24                                       64 (17)          50 (13)
  25--29                                             116 (31)                                     115 (30)         
  30--34                                             92 (24)                                      82 (22)          
  \>35                                               108 (28)                                     133 (35)         
  Mean                                               30.07 ± 6.4 (SD)                             31.6 ±7.1 (SD)   
  Religion                                           Orthodox                                     374 (98)         370 (97)
  Others[a](#tfn1-phmt-9-109){ref-type="table-fn"}   6 (2)                                        10 (3)           
  Ethnicity                                          Oromo                                        374 (98)         370 (97)
  Other[b](#tfn2-phmt-9-109){ref-type="table-fn"}    6 (2)                                        10 (3)           
  Family size                                        \>5                                          115 (30)         157 (41)
  ≤5                                                 265 (70)                                     223 (59)         
  Number of children \<5 years old                   One                                          314 (83)         291 (77)
  Two and above                                      66 (17)                                      89 (23)          
  Education status                                   Cannot read and write                        316 (83)         282 (74)
  Primary (1--4)                                     40 (11)                                      62 (16)          
  Junior (5--8)                                      16 (36)                                      25 (7)           
  Secondary and above                                8 (2)                                        11 (3)           
  Occupation                                         Farmer                                       374 (98.4)       362 (95.3)
  Merchant                                           5 (1.3)                                      16 (4.2)         
  Others[c](#tfn3-phmt-9-109){ref-type="table-fn"}   1 (0.3)                                      2 (0.6)          
  Monthly income interval (Birr)                     \<500                                        176 (46)         246 (65)
  500--750                                           132 (35)                                     58 (15)          
  \>750                                              72 (19)                                      76 (20)          

**Note:**

Others = protestants and wakefata,

Amhara,

Others = government employee and daily laborer.

###### 

Childhood diarrhea prevalence in implemented and not implemented community-led total sanitation and hygiene kebeles, Yaya Gulelle district, June 2017

  Variables                          Category                Community-led total sanitation and hygiene   
  ---------------------------------- ----------------------- -------------------------------------------- ------------
  Two week period of diarrhea        No                      329 (86.6)                                   242 (63.7)
  prevalence (N = 760)               Yes                     51 (13.4)                                    139 (36.3)
  Age of children with diarrhea in   6--11                   3 (6)                                        23 (16)
  months (N = 190)                   12--23                  18 (36)                                      26 (19)
  24--35                             6 (12)                  32 (23)                                      
  36--47                             10 (19)                 25 (18)                                      
  48--59                             14 (27)                 33 (24)                                      
  Mean (± SD)                        29.9 (±17.7)            28.8 (±16.7)                                 
  Action taken (N = 190)             Take to health center   47 (92)                                      91 (66)
  To traditional healer              1 (2)                   24 (17)                                      
  No action taken                    3 (6)                   24 (17)                                      

###### 

Environmental characteristics of community-led total sanitation and hygiene (CLTSH) implemented and CLTSH not implemented participants, Yaya Gulele district, June 2017 (N = 760)

  Variables                              Community-led total sanitation and hygiene              
  -------------------------------------- -------------------------------------------- ---------- ----------
  Water source protection                Protected                                    333 (88)   280(74)
  Unprotected                            47 (12)                                      100 (26)   
  Time taken to fetch water in minutes   ≤30                                          289 (76)   247 (66)
  \>30                                   91 (24)                                      133 (34)   
  Living with animals                    No                                           282 (74)   165 (43)
  Yes                                    98 (26)                                      215 (57)   
  Cleanliness of latrine accessed        No                                           47 (12)    128 (34)
  Yes                                    333 (88)                                     252 (66)   
  Types of latrine                       Improved                                     303 (91)   107 (43)
  Unimproved                             30 (9)                                       145 (57)   
  Hand washing facility                  No                                           179 (54)   159 (63)
  Yes                                    154 (46)                                     93 (37)    
  Latrine from kitchen                   \>6                                          325 (98)   220 (87)
  ≤6                                     8 (2)                                        32 (13)    
  Latrine hole cover                     No                                           192 (58)   128 (51)
  Yes                                    141 (42)                                     124 (49)   
  Number of people per latrine           3                                            73 (22)    78 (31)
  4--5                                   134 (40.5)                                   108 (42)   
  \>5                                    126 (37.5)                                   66 (27)    

###### 

Behavioral characteristics of community-led total sanitation and hygiene (CLTSH) and CLTSH not implemented, Yaya Gulelle district, June 2017 (N = 760)

  Variables                             Category            Community-led total sanitation and hygiene (CLTSH)   
  ------------------------------------- ------------------- ---------------------------------------------------- -----------
  Water treatment                       No                  49 (13)                                              140 (37)
  Yes                                   331 (87)            240 (63)                                             
  Water container and storage           Jerry can           377 (99)                                             320 (84)
  Clay pot                              3 (1)               60 (16)                                              
  Average water per capita              \<20 L/day          21 (6)                                               139 (37)
  ≥20 L/day                             359 (94)            241 (63)                                             
  Methods of water drawn from storage   Pouring             377 (99)                                             320 (84)
  Dipping                               3 (1)               60 (16)                                              
  Washing storage before collection     No                  90 (24)                                              83 (22)
  Yes                                   290 (76)            297 (78)                                             
  Water storage lid during survey       No                  44 (12)                                              140 (37)
  Yes                                   336 (88)            240 (63)                                             
  Time of hand washing                  All critical time   97 (25)                                              98 (26)
  Partial practice                      283 (75)            282 (74)                                             
  Latrine utilization                   Proper              283 (85)                                             190 (75)
  Improper                              50 (15)             62 (25)                                              
  Child feces defecation method         Appropriate         261 (76)                                             210 (62)
  Inappropriate                         81 (24)             129 (38)                                             
  Feces in the compound                 No                  357 (94)                                             223 (59)
  Yes                                   23 (6)              157 (41)                                             
  Importance of hand wash               Not known           247 (65)                                             171 (45)
  Known                                 133 (35)            209 (55)                                             
  Knowledge about diarrhea              Poor                146 (38)                                             161 (42)
  Good                                  234 (62)            219 (58)                                             
  CLTSH implementation approach         No                  0                                                    380 (100)
  Yes                                   380 (100)           0                                                    
  Items used for hand wash              soap/ash            334 (88)                                             246 (65)
  Water only                            20 (36)             54 (14)                                              
  None                                  26 (7)              80 (21)                                              
  Items used for clean utensils         Water only          354 (93)                                             300 (79)
  Water and soap                        26 (7)              80 (21)                                              
  Open defecation                       Yes                 47 (12)                                              128 (34)

**Abbreviation:** CLTSH, community-led total sanitation and hygiene.

###### 

Attitude of mothers toward diarrhea in community-led total sanitation and hygiene (CLTSH) and non-CLTSH kebeles (N = 760), Yaya Gulele district, June 2017

  Variables                                  Strongly disagree, n (%)[\*](#tfn5-phmt-9-109){ref-type="table-fn"}   Disagree, n (%)[\*](#tfn5-phmt-9-109){ref-type="table-fn"}   Agree, n (%)[\*](#tfn5-phmt-9-109){ref-type="table-fn"}   Strongly agree, n (%)[\*](#tfn5-phmt-9-109){ref-type="table-fn"}
  ------------------------------------------ --------------------------------------------------------------------- ------------------------------------------------------------ --------------------------------------------------------- ------------------------------------------------------------------
  CLTSH implemented (N=380)                                                                                                                                                                                                               
   Diarrhea is the disease of the poor       215 (57)                                                              12 (3)                                                       13 (3)                                                    140 (37)
   Diarrhea is a killer disease              18 (36)                                                               5 (1)                                                        150 (40)                                                  207 (54)
   Diarrhea is problem in the community      14 (36)                                                               6 (2)                                                        155 (40)                                                  205 (54)
   Teething causes diarrhea                  193 (50.8)                                                            20 (5.3)                                                     42 (11.1)                                                 125 (32.9)
   Diarrhea is a curable disease             139 (37)                                                              155 (41)                                                     16 (36)                                                   70 (18)
   Child feces is not hazard for health      67 (17.6)                                                             74 (19.5)                                                    33 (8.7)                                                  206 (54.2)
   Human feces sources of diarrhea           136 (35.8)                                                            18 (4.7)                                                     37 (9.7)                                                  189 (49.7)
   Hand washing prevents diarrhea            101 (27)                                                              26 (7)                                                       52 (13)                                                   201 (53)
   Only latrine enough to prevent diarrhea   161 (42.4)                                                            116 (30.5)                                                   41 (10.8)                                                 62 (16.3)
   Cloth is enough to treat water to drink   273 (71.3)                                                            40 (10.5)                                                    26 (6.8)                                                  41 (10.8)
  Not implemented area (N = 380)                                                                                                                                                                                                          
   Diarrhea is the disease of the poor       43 (11)                                                               168 (44)                                                     40 (10.5)                                                 129 (33.9)
   Diarrhea is a killer disease              6 (1.6)                                                               7 (1.8)                                                      62 (16.3)                                                 305 (80.3)
   Diarrhea is problem in the community      11 (3)                                                                19 (36)                                                      59 (15)                                                   291 (77)
   Teething causes diarrhea                  47 (12)                                                               102 (27)                                                     88 (23)                                                   143 (38)
   Diarrhea is a curable disease             276 (73)                                                              56 (15)                                                      16 (36)                                                   32 (8)
   child feces is not hazard for health      57 (15)                                                               18 (4.7)                                                     181 (47.6)                                                124 (32.6)
   Human feces sources of diarrhea           30 (7.9)                                                              41 (10.8)                                                    150 (39.5)                                                159 (41.8)
   Hand washing prevents diarrhea            12 (3.2)                                                              23 (6.1)                                                     97 (25.5)                                                 248 (65)
   Only latrine enough to prevent diarrhea   169 (44.5)                                                            131 (34.5)                                                   26 (6.8)                                                  54 (14.2)
   Cloth is enough to treat water            135 (35.5)                                                            150 (39.5)                                                   41 (10.8)                                                 54 (14.2)

**Note:**

Regarding data presentation, n (%): we have no cumulative percentage because the variables segregated to implemented and unimplemented.

###### 

Overall attitude of mothers/caregivers toward diarrhea in implemented and not implemented community-led total sanitation and hygiene (CLTSH) in Yaya Gulele district, June 2017

  Variable                          Category   CLTSH implementation status   
  --------------------------------- ---------- ----------------------------- ----------
  Overall attitude of respondents   Negative   196 (52)                      296 (78)
  toward to diarrhea                Positive   184 (48)                      84 (22)

###### 

Bivariate and multivariate analyses of factors associated with diarrheal status between CLTSH and not CLTSH implemented area, Yaya Gulele district, Ethiopia, June 2017

  CLTSH implemented Variables               Diarrhea status   COR (95% CI)   AOR (95% CI)                                                                                                                     
  ----------------------------------------- ----------------- -------------- --------------------------------------------------------------- ---------------------------------------------------------------- ----------------------------------------------------------------
  Number of children under five years old   ≥2                15 (29)        51 (15)                                                         2.27 (1.16, 4.44)                                                2.33 (1.09, 4.96)[\*](#tfn6-phmt-9-109){ref-type="table-fn"}
  1                                         36 (71)           278 (85)       1                                                               1                                                                
  Animals live in the house                 Yes               20 (39)        78 (24)                                                         2.07 (1.12, 3.84)                                                1.3 (0.62, 2.83)
  No                                        31 (61)           251 (76)       1                                                               1                                                                
  Clean water storage                       No                22 (43)        68 (21)                                                         2.9 (1.57, 5.38)                                                 2.36 (1.16, 4.80)[\*\*](#tfn7-phmt-9-109){ref-type="table-fn"}
  Yes                                       29 (57)           261 (79)       1                                                               1                                                                
  Attitude                                  Negative          27 (53)        99 (30)                                                         2.6 (1.43, 4.75)                                                 2.07 (1.06, 4.04)[\*](#tfn6-phmt-9-109){ref-type="table-fn"}
  Positive                                  24 (47)           230 (70)       1                                                               1                                                                
  Latrine utilization                       Improper          11 (25)        39 (14)                                                         2.13 (0.99, 4.57)                                                2.01 (0.89, 4.52)
  Proper                                    33 (75)           250 (86)       1                                                               1                                                                
  Water treatment                           No                11 (22)        38 (12)                                                         2.1 (0.99, 4.44)                                                 1.77 (0.72, 4.32)
  Yes                                       40 (78)           291 (88)       1                                                               1                                                                
  Hand wash at critical times               Partial           43 (84)        240 (73)                                                        1.99 (0.90, 4.40)                                                1.72 (0.73, 4.01)
  All practiced                             8 (16)            89 (27)        1                                                               1                                                                
  Number of people using the latrine        3                 6 (13)         67 (23)                                                         1                                                                1
  4--5                                      25 (57)           109 (38)       2.54 (0.96, 6.68)                                               2.56 (0.99, 6.56)                                                
  \>5                                       13 (30)           111 (39)       1.26 (0.44, 3.58)                                               1.3 (0.47, 3.6)                                                  
                                                                                                                                                                                                              
  **Not CLTSH implemented kebeles**                                                                                                                                                                           
                                                                                                                                                                                                              
  Family size                               \<5               88 (64)        135 (56)                                                        1                                                                1
  ≥5                                        50 (36)           107 (44)       0.71 (0.46, 1.102)                                              0.72 (0.39, 1.32)                                                
  Water container                           Clay pot          29 (21)        31 (13)                                                         1.8 (1.03, 3.16)                                                 0.67 (0.32, 1.41)
  Jerry can                                 109 (79)          211 (87)       1                                                               1                                                                
  Water container lid                       Yes               79 (57)        161 (66)                                                        1                                                                1
  No                                        59 (47)           81 (34)        1.48 (0.96, 2.28)                                               0.89 (0.47, 1.70)                                                
  Water treatment                           Yes               159 (66)       81 (59)                                                         1                                                                1
  No                                        83 (34)           57 (41)        1.34 (0.87, 2.07)                                               0.68 (0.36, 1.27)                                                
  Clean water storage                       Yes               101 (73)       196 (81)                                                        1                                                                1
  No                                        37 (27)           46 (19)        1.56 (0.95, 2.56)                                               1.75 (0.89, 3.42)                                                
  Feces in compound                         No                68 (49))       155 (64)                                                        1                                                                1
  Yes                                       70 (51)           87 (36)        1.8 (1.19, 2.80)[\*\*](#tfn7-phmt-9-109){ref-type="table-fn"}   1.88 (1.1, 3.22)[\*](#tfn6-phmt-9-109){ref-type="table-fn"}      
  Hand wash items                           Soap/ash          84 (61)        158 (65)                                                        1                                                                1
  Water only                                26 (19)           24 (10)        2.03 (1.10, 3.76)                                               0.94 (0.45, 1.92)                                                
  None                                      26 (20)           60 (25)        0.87 (0.52, 1.47)                                               2.01 (0.88, 4.56)                                                
  Hand washing facility                     No                69 (77)        90 (56)                                                         2.6 (1.47, 4.68)[\*\*](#tfn7-phmt-9-109){ref-type="table-fn"}    2.64 (1.47, 4.74)[\*\*](#tfn7-phmt-9-109){ref-type="table-fn"}
  Yes                                       21 (23)           72 (44)        1                                                               1                                                                
                                                                                                                                                                                                              
  **Overall CLTSH status**                                                                                                                                                                                    
                                                                                                                                                                                                              
  [cltsh]{.smallcaps} status                Implemented       51 (13.4)      329 (57.6)                                                      0.27 (0.18, 0.39)[\*\*](#tfn7-phmt-9-109){ref-type="table-fn"}   0.32 (0.20, 0.52)[\*\*](#tfn7-phmt-9-109){ref-type="table-fn"}
  Not implemented                           138 (36.3)        242 (42.4)     1                                                               1                                                                

**Note:**

*p \<* 0.05,

*p*\< 0.001 = significant.

**Abbreviations:** CLTSH, community-led total sanitation and hygiene; COR, crude odds ratio; AOR, adjusted odds ratio.
